Social exclusion inherently involves an element of expectancy violation, in that we expect other people to follow the unwritten rule to include us in social interactions. In this functional magnetic resonance imaging (fMRI) study, we employed a unique modification of an interactive virtual ball-tossing game called "Cyberball" (Williams et al., 2000) and a novel paradigm called "Cybershape," in which rules are broken in the absence of social exclusion, to dissociate brain regions that process social exclusion from rule violations more generally. Our Cyberball game employed an alternating block design and removed evoked responses to events when the participant was throwing the ball in inclusion to make this condition comparable to exclusion, where participants did not throw. With these modifications, we replicated prior findings of ventral anterior cingulate cortex (vACC), insula, and posterior cingulate cortex activity evoked by social exclusion relative to inclusion. We also identified exclusion-evoked activity in the hippocampi, left ventrolateral prefrontal cortex, and left middle temporal gyrus. Comparing social exclusion and rule violation revealed a functional dissociation in the active neural systems as well as differential functional connectivity with vACC. Some overlap was observed in regions differentially modulated by social exclusion and rule violation, including the vACC and lateral parietal cortex. These overlapping brain regions showed different activation during social exclusion compared to rule violation, each relative to fair play. Comparing activation patterns to social exclusion and rule violation allowed for the dissociation of brain regions involved in the experience of exclusion versus expectancy violation.
Introduction
Ostracism, the exclusion of one member from a group, is a social phenomenon that threatens relationships, especially the security offered by friendships and peer networks. Williams et al. (2000) developed an experimental paradigm modeling social exclusion in an interactive computer-based program called Cyberball. In Cyberball, two other ostensibly real players may throw the ball with the participant, or only amongst themselves. Behavioral studies using Cyberball (Boyes and French, 2009; Masten et al., 2009; Sebastian et al., 2010; Zadro et al., 2004 Zadro et al., , 2005 have found that exclusion elicits a more negative overall mood and decreased feelings of belongingness, control, meaningful existence, and self-esteem (Williams et al., 2000; Williams, 2007; Zadro et al., 2004) . These effects occur even if participants know that the other players are computerized (Zadro et al., 2004) .
Cyberball has been used in fMRI studies to investigate the brain response to social exclusion (Eisenberger et al., 2003; Masten et al., 2009; Onoda et al., 2009, in press ). Brain regions found active during exclusion versus fair play include ventrolateral prefrontal cortex (vlPFC) and anterior insula (Eisenberger et al., 2003; Masten et al., 2009) , ventral anterior cingulate cortex (vACC, Masten et al., 2009; Onoda et al., 2009) , dorsal anterior cingulate cortex (dACC, Eisenberger et al., 2003) , and posterior cingulate cortex (Onoda et al., 2009) . Several studies reported correlations between dACC activity during exclusion and self-reported social pain (Eisenberger et al., 2003; Onoda et al., 2009, in press ). However, the precise psychological correlates of these neural effects remain unclear. Exclusion in Cyberball potentially involves the emotional state of rejection, cognitive reactions to violated expectations of inclusion, and cognitive efforts to assess the situation. This complexity has likely contributed to inconsistent findings across fMRI studies.
We used two different virtual ball-toss games to functionally dissociate brain mechanisms involved in processing social exclusion and rule violation. Social exclusion was elicited by a modification of the original Cyberball paradigm. In prior studies, inclusion always preceded one period of exclusion. Our Cyberball design used alternating blocks of inclusion and exclusion to eliminate the potential confounds of scanner drift, changes in participant motion and attention, and fatigue occurring over the course of a scan session. In addition, the alternating block design decreases the likelihood of participant disengagement from the task in long periods of exclusion. The alternating blocks also model important aspects of naturally NeuroImage xxx (2010) xxx-xxx occurring ostracism, where exclusion can be transient and relatively ambiguous at times. Note that ambiguous ostracism, where the participant still occasionally receives the ball during periods of perceived exclusion, has been shown in past behavioral and imaging Cyberball studies to elicit strong feelings of exclusion (Boyes and French, 2009; Chernyak and Zayas, 2010; Onoda et al., 2009; Williams et al., 2000) . As an additional methodological adjustment, we modeled and removed evoked responses to events when the participant was throwing the ball, to account for the potential confound that participants are actively playing during fair play but not exclusion.
Cyberball was compared to a new ball tossing game, "Cybershape," in which the ball takes on a new shape on each toss, which specifies the player to whom the ball should be thrown. In Cybershape, one of the computerized players breaks the shape rule, eliciting a non-exclusive expectancy violation. Unlike social exclusion, however, rule violations do not threaten one's social relationships. A past study comparing rejection and expectancy violation found that dorsal and ventral ACC were recruited differentially by these two conditions (Somerville et al., 2006) . Past Cyberball studies have found both dACC and vACC activation in exclusion, yet the psychological correlates of this activation remain unclear. Comparing patterns of activation during rule violation in Cybershape and social exclusion in Cyberball, two similar interactive, social paradigms, allowed for a functional dissociation of brain regions involved in the experiences of exclusion and expectancy violation more generally. Further, psychophysiological interaction analyses in the two games aimed to provide illumination of regional functional connectivity involved in the experience of social exclusion, as compared to connectivity in rule violation.
Materials and methods

Participants
We studied a group of 26 healthy young adults (13 males, mean age = 24.15 years ± 4.07). Twenty-five of the participants played Cyberball and Cybershape consecutively in the same scanning session with a counterbalanced order (one participant played Cyberball only). All participants were asked upon completion of both games if they felt excluded during Cyberball, and if they noticed rules being broken in Cybershape. If the answer to either of these questions was no, the participant was excluded from analysis. The average number of errors made (shape thrown to the wrong player by the participant) in Cybershape was 0.57 (± 0.84; maximum: 3) , where 13 of the participants made no errors. If a participant made more than 3 errors, they were excluded from analyses. Two participants were excluded from all analyses, one for not noticing rules being broken, the other for purposefully breaking the rules and failing to throw the ball on more than two occasions. A third participant was left out of the Cyberball analysis only for not reporting experiencing exclusion during the game. Of the remaining 22 participants that played both games, 12 played Cyberball first. In sum, 23 participants (11 males, mean age 24.0 years ± 3.81) were included in the Cyberball study and 23 participants (11 males, mean age 24.04 years ± 3.77) were included in the Cybershape study. Twenty-two of these participants overlapped. Two participants included in the analysis believed that they were playing against real people, while the rest suspected that the online players were not real. Written informed consent was obtained from each participant according to a protocol approved by the Yale University Human Investigation Committee.
Experimental design
Cyberball
A game of Cyberball began with a sham Google® search engine screen where the participant was told that they were being logged into the game by the experimenter. Once the experimenter clicked on the link to "Cyberball" a loading screen appeared followed by a screen where the participant could choose, from 6 possible selections, the catching glove he or she wanted to use during the game. After the glove choice, instructions on how to play the game were given visually and auditorily, and the participants practiced playing the game for 16 throws. The participants were given two button boxes, one in each hand, which allowed them to throw the virtual ball to either the right or left. Once their understanding of the game was confirmed, the scan began and they continued to play the Cyberball game for 5 minutes. An image of the Cyberball game screen is shown in Fig. 1 . The first and last 10 seconds of the game were an inactive play screen with no ball present. Participants played Cyberball in 10 continuous, alternating Fig. 1 . Cyberball and Cybershape game screens. Above: image of the game screen in Cyberball. The participant (bottom center glove) currently has the ball and can choose to throw the ball to either of the other players. Below: image of the game screen in Cybershape. In this game the participant chose the red square as their shape. The participant currently has the ball in his/her glove, which is in the shape of a green diamond, indicating that the participant must throw to the player on the right with the matching green diamond next to his glove. When that player receives the green diamond it will change to a different shape (either a red square or a blue circle) dictating the next appropriate throw. Player pictures displayed in the figure were not used in the actual paradigm, as those pictures were not consented for publication. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) blocks of fair play and exclusion (e.g. fair play, exclusion, fair play, exclusion, etc.). Each block consisted of 12 throws, completed in a total of 30 seconds. In fair play, participants received the ball on onethird of the throws; in exclusion, participants never received the ball. If the participant did not throw the ball within 3 seconds of receiving it, the ball was thrown automatically (to a random player). Participants who failed to throw more than twice during a game were excluded from analysis (this excluded one participant). The computer players' pictures were matched on gender and ethnicity to each participant, as playing with members of a perceived "in group" has been demonstrated to intensify negative emotional reactions to Cyberball exclusion (Wirth and Williams, 2009) . Computer players also varied between the two cyber games. To further validate participants' reported feelings of exclusion, a ten-item questionnaire was given to a subset of participants (n = 7) in the present study immediately after playing Cyberball. The questionnaire had not been prepared in time for administration to all participants. The questionnaire was a sample of questions from the Needs Threat Scale (van Beest and Williams, 2006) , used to assess distress following Cyberball exclusion (Eisenberger et al., 2003; Williams, 2007) . Participants were asked to rate statements about feelings of control, meaningful existence, belongingness, and self-esteem on a Likert scale from 1 = "not at all" to 5 = "extremely". The questions used are listed in Table 1 .
Cybershape
A game of Cybershape began in the same manner as Cyberball, but after selecting the catching glove, the participant was asked to choose which shape they wanted to correspond to their glove (out of 4 possible selections). After the glove and shape choice, instructions on how to play the game were given visually and auditorily. An explanation of the shape matching rule in which they were asked to throw the shape in their glove to the person with the matching shape next to their picture also appeared on the screen. The participants practiced playing the game for 16 throws. Once their understanding of the game was confirmed, the scan began and they continued to play the Cybershape game for 5 minutes. An image of the Cybershape game screen is shown in Fig. 1 . The first and last 10 seconds of the game were an inactive play screen with no shape present. Each participant played Cybershape in 10 continuous, alternating blocks of fair play (rule consistent) and rule violation (e.g. fair play, rule violation, fair play, rule violation, etc.). Again, each block was 30 seconds long and consisted of 12 throws. In fair play, participants received the shape one-third of the time, and the shape rule was never broken. In rule violation, participants still received the shape one-third of the time, but one of the confederate virtual players consistently violated the shape rule by throwing the shape to the wrong person. The rule violations occurred both in favor of the participant (getting the ball when it was not his or her shape) and in disfavor of the participant (not getting the ball when it was his or her shape). The player who broke the shape rule alternated between rule violation blocks in the pattern ABBAB (where A and B are the two confederate Cybershape players). Only one rule violator per violation block was employed to ensure that participants did not feel excluded being the only player to follow the rules, or suspect a rule change if both computer players broke the rules together. In contrast to the self-report questionnaire administered following Cyberball to assess exclusion-related distress, a different ten-item questionnaire to assess rule violation-related distress was created with questions pertaining specifically to the experience of rule violation, and given to the same subset of participants as assessed on the social exclusion questionnaire (n = 7) immediately following the completion of Cybershape. Like the social exclusion questionnaire, this questionnaire had not been prepared in time for administration to all participants. The questions used are listed in Table 1 .The order of presentation of Cyberball and Cybershape was counterbalanced across participants.
Imaging protocol
Images were collected on a Siemens 3T Tim Trio scanner located in the Yale University Magnetic Resonance Research Center. Wholebrain T1-weighted anatomical images were acquired using an MPRAGE sequence ( 
Data analysis
Data were preprocessed and analyzed using the BrainVoyager QX 2.0 software package (Brain Innovation, Maastricht, The Netherlands). Preprocessing of the functional data included slice time correction (using sinc interpolation), 3-dimensional rigid-body motion correction (using trilinear-sinc interpolation), spatial smoothing with a FWHM 4-mm Gaussian kernel, linear trend removal, and temporal high-pass filtering (fast Fourier transform based with a cutoff of 3 cycles/time course). Functional datasets were coregistered to withinsession anatomical images, which were in turn normalized to Talairach space. Estimated motion plots and cine loops were examined for each participant in order to identify movement and eliminate runs with head motion greater than 2 mm of translation in any direction or 2 degrees of rotation about any axis (for which no runs were eliminated).
To identify brain regions activated by exclusion in Cyberball and rule violation in Cybershape, a random-effects multi-subject general linear model (GLM)-based analysis was performed for each game. Regressors were defined as boxcar functions peaking during each condition, convolved with a double-gamma hemodynamic response function (HRF). To eliminate the confound of the lack of decision Table 1 Social exclusion and rule violation questionnaire items.
Social exclusion questionnaire items
Rule violation questionnaire items I felt rejected I was annoyed when players didn't follow the rules I felt like an outsider I didn't care when rules were broken* I felt like the other players were interacting with me a lot* I wanted the other players to throw the shapes to the right people I felt liked* We had a nice game going but sometimes the other players messed it up I felt unsure of myself I felt upset when something unexpected happened in the game I felt like an outsider I wondered why they were throwing to the wrong person I felt powerful* I didn't want to play once the other players broke the rules I felt the other players decided everything I lost interest in following the rules I felt invisible I tried my best to throw the ball to the correct player* I felt good about myself* I felt unsure of myself Social exclusion and rule violation questionnaire items. Items were administered visually and auditorily after Cyberball or Cybershape, respectively. Responses were given on a 1 to 5 likert scale from "not at all" to "extremely." Questions with a * were reverse coded.
making and motor response in the exclusion blocks, modeled activation from events when the participant was throwing the ball was removed from the data in a regression performed prior to the main regression analysis. Regressors for this analysis were defined as boxcar functions peaking at ball throw events, defined as the period from when the participant received the ball until the participant's throw response, and convolved with a double-gamma HRF; subsequent analyses were performed on residuals from this regression. For consistency, the same was done in Cybershape even though the potential confound did not exist in this game because participants threw the ball equally frequently in fair play and rule violation blocks. For Cyberball, a multi-subject analysis was performed and brain activation in the contrast exclusion N fair play was assessed at an uncorrected statistical threshold of p b 0.05. To correct for multiple comparisons, we used a cluster threshold of 35 contiguous voxels (Forman et al., 1995; Xiong et al., 1995) . This cluster threshold was calculated to correspond to a corrected threshold of α b 0.05 using a Brain Voyager QX Cluster-level Statistical Threshold Estimator plugin. After 5000 iterations of a Monte-Carlo simulation, an alpha value is assigned to each cluster size based on its relative frequency. Considering the number of active voxels in this Cyberball analysis, the chances of finding a cluster of 35 or more voxels was less than 5%. For Cybershape, a multi-participant GLM analysis was performed, and the contrast of rule violation N fair play was assessed at the same statistical threshold of p b 0.05, with a cluster threshold of 35 functional voxels, again estimated by the BrainVoyager QX plugin with α b 0.05.
Following analyses in each game individually, we performed a paired samples t-test on whole brain contrast maps from each game derived from each subject, thereby constituting a random effects analysis. We compared the differences (social exclusion-fair play) and (rule violation-fair play) in each participant with functional data from both games (22 participants). This allowed us to localize regions showing statistically different activation in social exclusion and rule violation when compared to fair play in each game. The results of this whole brain analysis were assessed at a statistical threshold of p b 0.01. This threshold was chosen for its allowance of a meaningful separation of regions of activation. A cluster size of 9 contiguous voxels was used, corresponding to a threshold of α b 0.05 as calculated by the BrainVoyager QX Cluster-level Statistical Threshold Estimator plugin.
We defined anatomically a region of interest that captured the vACC. This structural ROI was modified from the anterior cingulate cortex region as defined in the Talairach Database (Lancaster et al., 1997 (Lancaster et al., , 2000 by excluding all voxels above the plane z = 9 in Talairach space, around the tip of the genu (see left panel of Fig. 4 ). ROI averages of beta values for the contrasts social exclusion-fair play and rule violation-fair play were computed for each participant and statistically assessed using a two-tailed t-test.
Furthermore, a psychophysical interaction (PPI) analysis (Friston et al., 1997) was performed on each data set to determine regions of greater functional connectivity with ventral anterior cingulate cortex (vACC) in social exclusion or rule violation compared to fair play. Prior to connectivity analysis, the global mean (average signal across voxels) was removed from each volume, as a surrogate method for physiological artifact removal (Fox et al., 2005) . Using a seed region of the vACC functionally defined by differential activation in social exclusion compared to fair play in our random-effects whole brain analysis, PPI regressors were created by multiplying the difference of the two task regressors by the preprocessed, normalized vACC time course for each participant. This PPI function along with the task regressors and vACC time course were used as regressors in a multiparticipant random-effects GLM analysis. The PPI function was used as the only predictor of interest and assessed at a statistical threshold of p b 0.05, corrected with a cluster threshold of 34 voxels to α b 0.05.
Results
The social exclusion questionnaire given to a subset of participants (n = 7) confirmed that Cyberball elicited feelings of distress following exclusion. The average response to each question was 2.89 (on a scale from 1 = "not at all" to 5 = "extremely"). The average total score on this questionnaire was 28.86 (±2.64). This score was significantly greater than the minimum score of 10 reflecting no exclusion-related distress (t(6) = 7.14, p b 0.001). On the questionnaire consisting of ten different questions aimed to assess distress due to rule violation, the average response to each question was 2.09. The average total score in the same subset of participants was 20.86 (±1.10), again significantly greater than a minimum score of 10 reflecting no rule violationrelated distress (t(6) = 9.87, p b 0.001).
As illustrated in Fig. 2 , we identified a network of brain regions that were differentially active in either social exclusion (left panel of Fig. 2 Addressing the potential concern that the beginning of the Cyberball game yielded stronger responses to exclusion than the end, average activation from the first four blocks (two fair play and two exclusion) was compared to the last four blocks in each participant using a paired-sample t-test in each region of differential activation in exclusion N fair play identified from the whole-game analysis. None of these regions showed significantly different activation in the first and last four blocks of Cyberball (p N 0.05, corrected for multiple comparisons).
As shown in the right column of Fig. 2 , in Cybershape, regions that were more active in rule violation compared to fair play (rule violation N fair play) included large areas of parietal cortex (t =5. Responses to exclusion and rule violation in the structurallydefined vACC are plotted in the right panel of Fig. 4 . Activation in this region significantly differed as a function of paradigm (t = 3.29, p b 0.01), characterized by entirely opposite directions of significant activation. The vACC exhibited increased activation to social exclusion versus fair play, yet this same region produced decreased activation in rule violation compared to fair play.
As shown in Fig. 5 , in a PPI analysis of activation during Cyberball, regions more functionally connected to the vACC in exclusion compared to fair play included right MTG (right: t=4.64, pb 0.001), medial PFC (t=4.07, pb 0.005), right inferior parietal lobule (t=3.15, pb 0.005), and precuneus (t=3.59, pb 0.005). In a PPI analysis using the same vACC seed region in Cybershape, regions more functionally connected in rule violation compared to fair play included bilateral precentral gyrus extending into paracentral lobule (right: t=4.21, pb 0.001, left: t=5.75, pb 0.001), bilateral dorsolateral prefrontal cortex (dlPFC; right: t=5.24, pb 0.001, left: t=5.05, pb 0.001), bilateral insula (right: t=3.81, pb 0.001, left: t=4.82, pb 0.001), right ventrolateral PFC (t=5.53, pb 0.001), and bilateral lingual gyri (right: t=3.80, pb 0.001, left: t=4.13, pb 0.001). Peak coordinates, statistical values, size, and anatomical labels for the regions of differential functional connectivity (ExclusionN Fair Play and Rule ViolationN Fair Play) in Cyberball and Cybershape are provided in Table 4 .
Discussion
The present study demonstrated a functional dissociation in the neural responses to social exclusion and rule violation. The finding of statistically different regional activation between games (Fig. 3 ) supports the conclusion that the two games, though very similar in design, recruit dissociable neural systems as a function of the experience of social exclusion versus rule violation. Further, contrasting patterns of functional connectivity to the vACC were found between these two conditions. Thus, social exclusion and rule violation not only engaged different brain regions, but also differentially affected connectivity patterns in large-scale neural networks (Tables 4 and 5) .
Our novel alternating block Cyberball paradigm elicited nearly identical self-reported feelings of exclusion to a past study using the original Cyberball design that also assessed distress with the Needs Threat Scale. The mean score per question in the present study was 2.89, compared to the previously reported mean of 2.90 (both on a 1 to 5 Likert scale; Masten et al., 2009) . Because the alternating block design has not been used in past Cyberball studies, a concern existed that the repetitive nature of the block design may make the exclusion blocks less salient over time. The comparability of present distress scores to past Cyberball studies without the alternating block design suggests that even at the end of all 10 blocks, the participants felt distress caused by the exclusion periods. This finding supports the conclusion that alternating blocks of exclusion do not become less upsetting over the course of the game. This conclusion was further supported by statistical comparisons of brain activation in the first and last portions of the game. An ROI analysis using each region of differential activation identified in the whole-game contrast (exclusion N fair play) compared average activation from the first four blocks (two fair play and two exclusion) to the last four blocks in each participant using a paired-sample t-test. None of these regions showed significantly different activation in the first and last four blocks of Cyberball (p N 0.05, corrected for multiple comparisons). In a whole brain post-hoc analysis of Cyberball exclusion N fair play comparing the first four blocks to the last four, only 2 regions showed significantly higher activation in the first four blocks (p b 0.05, k = 35 voxels). These regions were inferior temporal gyrus (peak voxel: 63, −7, −26; t = 4.65; p b 0.001) and left anterior insula (peak voxel: −39, 14, −11; t = 4.25; p b 0.001). At a more lenient cluster threshold of 10 voxels, bilateral insula showed greater activation in the first four blocks, along with ventromedial and dorsolateral PFC.
Our imaging results replicated some, but not all, aspects of previous social exclusion studies. Specifically, we found activation in the PCC, vACC, and right insula during social exclusion, replicating prior Cyberball studies (Krill and Platek, 2009; Masten et al., 2009; Onoda et al., 2009) . The vACC has often been implicated in studies of emotion, especially those evoking sadness (Levesque et al., 2003; Liotti et al., 2000; Phan et al., 2002; Shafritz et al., 2006) . Based on these findings, we speculate that the vACC activity observed here during social exclusion may reflect negative emotion induced by social exclusion relative to fair play. In addition, we found activation in the hippocampi, and left middle temporal gyrus, both areas implicated in aspects of emotional experience (Blood et al., 1999 ; Regions in orange showed greater activation in the Cyberball contrast (social exclusionfair play), while regions in blue showed greater activation in the rule violation contrast (rule violation-fair play) (p b 0.01, cluster threshold of 9 contiguous voxels). All contrasts were performed after the removal of activation modeled from events when the participant was throwing the ball. Activations are displayed on a Talairachtransformed template brain in radiological orientation. Blair et al., 2007; Britton et al., 2006; Davis et al., 2008; Farrow et al., 2001 Farrow et al., , 2005 Garrett and Maddock, 2006; Gosselin et al., 2006; Maddock, 1999; Small et al., 2001; Winston et al., 2002; Wood et al., 2005; Zahn et al., 2009) . Three regions that showed activation in social exclusion, vACC, bilateral hippocampus, and retrosplenial cortex, are functionally connected and are considered a medial temporal subnetwork of the default mode network (AndrewsHanna et al., 2010; Buckner et al., 2008) . Our findings highlight a potential emotional role for this subnetwork.
To further explore the role of the vACC in social exclusion, a PPI analysis allowed for a contrast of functional connectivity between this and other regions in social exclusion versus fair play. This region was chosen as a seed for the PPI analysis because of its modulation by both social exclusion and rule violation, as well as its implicated role in emotion processing, specifically negative emotion. We found greater functional connectivity of the vACC to medial prefrontal cortex, right inferior parietal lobule, and precuneus during social exclusion. These three regions form the central components of the default mode network (DMN; Buckner et al., 2008) . The DMN is a system of brain regions active in the absence of task performance, which has been proposed to subserve reflective, stimulus-independent thought processes (Buckner et al., 2008; Fox et al., 2005) . In contrast, we used the same region as a seed in a connectivity analysis in Cybershape, where another PPI analysis showed greater connectivity between vACC and areas of precentral gyrus, bilateral insula, and paracentral lobule in rule violation (Fig. 5) . The finding of increased connectivity between vACC and midline DMN regions during social exclusion (and not rule violation) could result from the engagement of reflective processing during exclusion blocks, when the participant is no longer engaged in playing the game and may begin to question the motives of other players, or to ruminate generally on the situation. DMN functional connectivity to vACC during rest has also been demonstrated to be stronger in people with depression compared to controls, highlighting a potential relationship between vACC-DMN connectivity, negative emotion, and rumination (Greicius et al., 2007) .
A whole-brain contrast of rule violation and fair play revealed a largely different pattern of activation compared to the social exclusion contrast. Regions differentially active in rule violation, unlike those discussed in relation to social exclusion, have been implicated in various dimensions of tasks involving rule use. Regions found to be more active in rule violation as compared to fair play include the parietal cortex, right MTG, dorsal medial and lateral PFC and left ventrolateral PFC. All of these regions have demonstrated activity during the performance of rule-governed tasks in previous studies, and are related to such processes as response selection and preparation when rules are changed spontaneously, rule learning and online maintenance, storage of rule knowledge, and rule switching (Brass and Yves von Cramon, 2004; Bunge, 2004; Bunge et al., 2005; Crone et al., 2005; Donohue et al., 2005; Mullette-Gillman and Huettel, 2009) . Additionally, right lateral parietal activation extended into a region of the posterior superior temporal sulcus which has been shown to be differentially active in incorrect (compared to correct) goal-directed actions (Pelphrey et al., 2004) . Considering the previously demonstrated roles in rule use, it is possible that the Fig. 4 . Structural region of interest (ROI) analysis of the vACC. A structural ROI (shown in purple) was used to compare vACC activity between the two games. Average contrast beta values for this ROI in each game were calculated for each participant using (social exclusion-fair play, rule violation-fair play). These average beta values are shown in the bar graph, with error bars depicting standard error. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) Fig. 5 . PPI analysis of differential connectivity to vACC in Cyberball (left) and Cybershape (right). In both connectivity analyses the seed region used was functionally defined by greater activation in Cyberball social exclusion compared to fair play (3189 voxels, shown in green). In Cyberball (left), areas of activation in orange are regions that showed more functional connectivity to the seed region in social exclusion compared to fair play (p b 0.05, cluster threshold of 34 contiguous voxels). In Cybershape (right), areas of activation in orange are regions that showed more functional connectivity to the seed region in rule violation compared to fair play (p b 0.05, cluster threshold of 34 contiguous voxels). Activations are displayed on a Talairach-transformed template brain in radiological orientation.
regional activity found in rule violation corresponds to an increase in cognitive processing associated with attention to and implementation of the present study's shape-matching rule when the rule is unexpectedly broken by the other players.
In contrast to prior work, we did not observe dACC activation in whole brain analyses in Cyberball after correcting for multiple comparisons. However, at an uncorrected threshold of p b 0.05, a region of dACC was found to be more active in social exclusion than fair play (peak Talairach coordinates: 0, −1, 28). This region showed differential activation in Cyberball but not in Cybershape (corrected or uncorrected), supporting previous claims of a role for dACC in the experience of exclusion (Eisenberger et al., 2003; Masten et al., 2009; Onoda et al., in press ). Our results suggest that both ventral and dorsal ACC serve roles in the psychological response to exclusion. Contextualizing these findings in terms of past evidence for a dorsal versus ventral distinction in cognitive and emotional processing in the medial PFC (Bush et al., 2000; Steele and Lawrie, 2004) may be aided by an interpretation of ventral and dorsal ACC activations in Cyberball as primary and secondary emotional responses to exclusion. Damasio first described this distinction, hypothesizing that primary emotions are innate and preorganized, involving the brain's limbic system, while secondary emotions reflect more cognitive, evaluative processes (Damasio, 1994 (Damasio, , 1995 . In consideration of this model of emotion, vACC activation in exclusion might reflect a primary emotional reaction to ostracism while dACC activation might reflect a secondary emotional reaction. A role of dorsal ACC in cognitive evaluation of the exclusion experience is consistent with its previously reported correlation with self-reported distress and rejection sensitivity in exclusion (Eisenberger et al., 2003; Masten et al., 2009 ). The present study, with its slightly modified version of Cyberball, may have also decreased the opportunity for cognitive evaluation in participants by making periods of exclusion substantially shorter (30 seconds) and thus transient.
While a cognitively evaluative role for the dACC might explain the absence of this region from our corrected whole brain Cyberball analyses, one might expect to see differential activation in this region in Cybershape based on the previous finding of dACC in expectancy violation (e.g. Somerville et al., 2006) . We did not find greater dACC activity in rule violation compared to fair play. However, we did find extensive activation of dorsal mPFC extending into pre-supplementary motor area in this contrast. In meta-analyses, dorsal mPFC activity has been associated with action monitoring, error detection and negative feedback (Amodio and Frith, 2006; Ridderinkhof et al., 2004) . This evidence, along with the study by Somerville et al. (2006) , suggests that dorsal mPFC is involved in monitoring expectancies and error detection, but may also be part of a larger functional region including pre-supplementary motor area.
An area of the vACC found to be less active in rule violation than fair play overlaps substantially with a region that is more active in social exclusion (see Figs. 3 and 4) . It is possible that decreased activation of the vACC in rule violation is due to an inverse functional relation between activity in emotional and cognitive regions of the brain (Bush et al., 2000; Butler et al., 2007; Phan et al., 2005) . Like the vACC, bilateral insula and supplementary motor area (SMA) also showed less activation in rule violation than in fair play. Functional connectivity between posterior insula and SMA has been found in resting state connectivity analyses (Taylor et al., 2009) . Additionally, in our PPI analysis, vACC, insula, and SMA showed greater functional connectivity in rule violation compared to fair play. However, these three regions showed decreased activation in the same contrast. These findings raise important questions for further investigations on the roles of these regions.
The present study included some limitations. The collection of selfreport data from only 7 participants, though illuminating in its validation of the effectiveness of the elicitation of distress from exclusion and rule violation, does not allow for correlations between behavioral data and brain activation as has been done in previous Cyberball studies. In addition, the method of removing activation to ball throws, while essential in removing a confound in Cyberball, may not perfectly remove activity resulting from decision-making processes, as the precise timing of these events is unknown. Our approach assumes that decisions are made in the period from when the participants receive the ball to when they throw it, but it is possible that they make a decision prior to receiving the ball. We time-locked ball throws to the period from when the participant received the ball to when they pressed the button to throw it, but presumably the participant could be making throw decisions before they receive the ball. Our method is effective in consistently removing activation corresponding to the act of pressing a button to throw the ball. In sum, our results provide evidence for a functional dissociation of brain networks involved in the experiences of social exclusion and rule violation, two scenarios in which expectancies of others' actions are violated. In Cyberball, an implicit, social rule of inclusion is violated in the social scenario of an internet game, while in Cybershape an explicit non-social rule of shape matching is violated in a comparable social setting. Thus, comparing the two games allows for the comparison of neural activation to a social versus non-social rule violation. The observation that both exclusion and rule violation were distressing to participants, yet each modulated a different set of brain regions supports the hypothesis that the distressing experience of social exclusion is unique from the distress evoked by expectancy violation in Cybershape. The robust findings in our novel Cybershape game support its validity as a contrast to Cyberball to assess sensitivity to rule-related expectancy violations as distinct from expectancy violations inherent in social exclusion. Our new Cybershape paradigm will be valuable in studying populations with clinical disorders that show differential sensitivities to expectancy violations, such as obsessive-compulsive disorder or autism spectrum disorder.
